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Optical and emission properties
Hydroxyapatite
Human tooth tissuesBiocomposites based on carbonate-substituted hydroxyapatite synthesized from the biological source of
calcium (Goloshchapov et al., 2013) and organic primer on the basis of amino acids found in the enamel
tubules of teeth, namely, arginine, histidine, lysine and hyaluronic acid were obtained and studied in this
work. Incorporation of organic primer into biocomposite formulation allowed us to obtain the emission
characteristics (luminescence) that were identical to those inherent to the native tissues of the human
tooth (enamel and dentine).
 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction MethodsOptical and emission properties of the human hard dental tis-
sues (enamel and dentin) in the infrared, visible and ultraviolet
ranges are closely related to their fine structure. The latter is deter-
mined by the intra-lattice substitutions as well as by a molecular
and local atomic environment in their mineral and organic compo-
nents [2–4]. As it has already been shown [3], the presence of var-
ious organic complexes in the composition of the hard dental
tissue has a rather strong effect on its optical properties in the
range from 250 to 700 nm. Note that the part of organic com-
pounds is of no more than 5% for the enamel and is of 40% for
the dentin relative to the mineral component – calcium hydroxya-
patite (HAP). While solving the problems of contemporary preven-
tive dentistry connected with the restoration and repair of the
native hard dental tissue it is very important to attain specific opti-
cal properties of the synthetic materials (brilliance, color, trans-
parency and luminescence) that are identical to the native dental
tissue. This can be achieved due to a controllable incorporation
of organic compounds into the formulation of a biocomposite on
the basis of HAP [2,4–6]. However, such kinds of systems are not
yet capable of reproducing structural, morphological and optical
characteristics of the hard dental tissues at the same time with a
satisfactory quality [2,4]. Therefore, the aim of our work was to
produce the materials – biomimetic composites corresponding to
the native tissues of the human tooth in their composition and
basic parameters.Biomimetic composites were synthesized with the use of
nanocrystalline carbonate-substituted hydroxyapatite (CHA) cor-
responding by its structural and morphological properties to the
apatite of dental enamel using the suggested technique [1,7,8].
Organic component of biocomposite (primer) involved amino acids
found within the enamel tubules of teeth. Arginine, histidine,
lysine and hyaluronic acid were mixed on the basis of isotonic
solution with nanocrystalline CHA in the ratios of 5/95, 25/75,
40/60, reproducing to some extent the composition of enamel
end dentin of the human tooth. The analysis of the molecular struc-
ture and composition of the obtained materials was performed
using IR-spectroscopy with the use of IR Fourier spectrometer
Vertex-70 (Bruker, Germany) and the attachment for the attenu-
ated internal total reflection PLATINUM ATR. The spectra were sur-
veyed within the range of 4000 – 500 cm1. Photoluminescence
spectroscopy technique was applied to compare the organic-
mineral composition and stoichiometry of biocomposites with
the native human dental tissue. Luminescence spectra were
obtained at the room temperature from the samples surface
according to the technique described in [9] with the use of the unit
supplied with TRIAX550 monochromator and CCD detector. The
laser output power was of 30 mW.
Results and conclusions
IR-spectra of synthesized biocomposites with the ratio of
organic and inorganic components of 5/95 (curve 1), 25/75 (curve
2), 40/60 (curve 3) are presented in Fig. 1a–c. According to [4],
Fig. 1. IR-spectra (left) and luminescence spectra (right) of synthesized biocomposites: 1 – biocomposite with 5/95 formulation, 2 – biocomposite with 25/75 formulation,
3 – biocomposite with 40/60 formulation.
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1350–1650, 900 –1200 and 550–800 cm1, in IR-spectra of the
investigated samples as well as the ratio of their relative intensities
makes it possible to conclude that the synthesized biocomposites
reproduce mineral-organic composition of enamel and dentin in
the human teeth. Fig. 1d and e represents the results of lumines-
cence spectroscopy for the synthesized biomimetic materials with
the organic-mineral ratio in the formulation of 5/95 (curve 1),
25/75 (curve 2), 40/60 (curve 3). The analysis of the experimental
data on luminescence and their comparison with those presented
in [2,3] indicates that the shape of spectra and energy position of
the peaks (specific features) entirely correspond to the similar
spectral (energy) characteristics of the native enamel and
dentin in the human teeth. The change of the relative intensity of
the features (peaks) in the luminescence spectra of biocomposites
(Fig. 1d) is determined by the ratio of organic primer and
mineral component in the formulation, i.e. by the biocomposite
composition. This result is in very good agreement with the
data on IR-spectroscopy concerned with the change of intensity
of the phosphate and amide groups revealed in the IR-spectra
(Fig. 1a and b). The observed features in the spectra of
luminescence in the intact tissues and biocomposites modeling
of these tissues can be used for the development of the
diagnostics methods intended for the determination of the extent
of demineralization arising under carious lesion of the hard
dental tissues as well as for the assessment of the teeth state as
a whole.
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